Exposure to psychosocial stress is a risk factor for cardiovascular disease, including vascular aging, angiogenesis, and atherosclerosis-based cardiovascular disease (ACVD).
Chronic psychological stress (CPS) is considered a risk factor for vascular aging and atherosclerosis-based cardiovascular disease (ACVD) based on clinical and experimental ( Table 1) . [1] [2] [3] [4] [5] The importance of various psychological stressors as contributors to the initiation and progression of vascular senescence and ACVD has been the focus of concerted research efforts over past several decades. [6] [7] [8] [9] [10] [11] For example, the large-scale case-control INTERHEART trial conducted in 51 countries demonstrated that chronic psychological stressors (e.g., depression, perceived life stress, major life events, and low sense of control) pose an adjusted 2.7-fold enhanced risk of acute myocardial infarction (AMI). 12 Indeed, the contribution of psychological factors (e.g., anxiety and depression) to the increased likelihood of recurrent coronary arterial events after coronary artery bypass grafting (CABG) and AMI is known, and it is well documented that transient psychological stresses may cause potentially fatal arrhythmias and acute cardiovascular events. [13] [14] [15] [16] [17] [18] Last ten years, it has been established that the chronic psychological stressors in modern lifestyles are closely associated with the incidence of hypertension, metabolic syndrome, diabetes mellitus (DM), and CVD. [19] [20] [21] [22] [23] [24] Clinical and laboratory findings from our team and other groups showed that chronic psychological stressor activates intracellular and extracellular pathways (including the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system) by eliciting pathophysiological over-actions, resulting in metabolic and inflammatory cardiovascular disorders (Table 1) . [25] [26] [27] [28] [29] [30] The precise mechanisms involved in stress-related vascular aging and atherosclerotic lesion formation and progression remain largely uncertain, however.
Dipeptidyl peptidase-4 (DPP-4) is a complex enzyme that acts as a membrane-anchored cell surface exopeptidase that transmits intracellular signals through a small intracellular tail. [31] [32] [33] The discovery of incretin-based treatments exhibits a major therapeutic advance in the medical intervention of cardiometabolic disorders, and the development of DPP-4 inhibitors as a useful antidiabetic drugs was based on the concept that these agents would enhance systematic and tissue glucagon-like peptide-1 (GLP-1) levels, causing an improvement of the insulinotropic effects of blood sugar. [34] [35] [36] [37] In addition to GLP-1-dependent effects on the cardiometabolic risk profile, DPP-4 inhibition represents vascular protective beneficial effect via the modulation of several substrate factor activities (e.g., colony-stimulating factor, stromal cell-derived factor-1α, granulocyte-colony-stimulating factor, granulocyte macrophage-colony-stimulating factor, neuropeptide Y, and high-mobility group box 1). 38 A recent study reported that individuals with and without diabetes mellitus had increased plasma DPP-4 levels and decreased plasma GLP-1 levels. 39 In mice and rats, chronic stress increased circulating and tissue DPP-4 activities and decreased plasma and brain GLP-1 levels, [40] [41] [42] suggesting an imbalance between GLP-1 and DPP-4 as a potential therapeutic target in the management of vascular aging and atherosclerosis in animals under experimental stress conditions. Although a growing body of evidence indicates that DPP-4 plays an important role in the initiation and progression of ACVD, [43] [44] [45] little is known about the functional relevance of this exopeptidase as a transmembrane protease in the pathogenesis of stress-related vascular senescence and atherogenesis. Chronic variable stress has been exhibited to produce harmful changes in blood and tissue DPP4 levels. 26, 42 It is well-known that inflammation participates in all stages of atherosclerosis, including initiation, progression, calcification, plaque rupture, and ultimately, the thrombotic complications. 46, 47 Data from our research and those from other groups clearly revealed that chronic variable stress activated bone-marrow hematopoietic stem cell proliferation via the inactivation of β-adrenergic receptor-mediated C-X-C motif chemokine 12 (CXCL12) ( Table 1 ), leading to an increased output of inflammatory monocytes and neutrophils. 25, 26 Existing evidence has confirmed that stress can increase inflammatory actions in vascular and adipose tissues. 7, 41 In vivo, marked increases in neutrophil and macrophage infiltration and inflammatory chemokine/cytokine expressions (i.e., monocyte chemoattractant protein-1, osteopontin, toll-like receptor, and CXCR4) and vascular aging were observed in the aortas of stressed mice, and these changes were significantly rectified by DPP-4 inhibitor anagliptin treatment ( Fig. 1 ). 48 Accumulating evidence suggests that oxidative stress also plays a critical role in vascular senescence and atherosclerotic plaques in animals and humans. 49 The observations described herein exhibit that anagliptin mitgated NADPH oxidase component expression (p22phox, p47phox, p67phox, and gp91phox) and superoxide (O2 ̶ ) generation. Moreover, the levels of adiponectin (APN) protein and gene were increased in blood, ingulnal and subcutaneous adipose tissues of stressed apoE lipoprotein-deficient (ApoE) −/− mice, and these changes were reversed by DPP4 inhibition. 48 In vitro, the GLP-1 analogue exenatide increased APN expression in adipose tissue-derived immature adipocytes in a dose-dependent manner, whereas anagliptin did not affect on it. 48 Surprisingly, APN depletion with its neutralizing antibody almost completely diminished the anagliptin-mediated vascular benefits in ApoE −/− mice loaded a high-fat diet. 48 Accumulating investigations of vascular cells have reported that atherosclerosis-associated inflammatory cytokines augment the expression and production of the members of cathepsin and matrix metalloproteinase (MMP) families from cultured vascular cells (i.e., vascular smooth muscles and endothelial cells), monocyte-derived macrophages, mast cells and, T lymphocytes ( Fig. 1 ), and that these inflammatory cytokines increase the degradation of extracellular matrix proteins (collagen and elastin). [51] [52] [53] [54] Novel insights into those proteases have been performed possible by the generation and in-depth analyses of transgenic and knockout mice. [55] [56] [57] It is well-known that both cathepsin and MMP activities modulate neovascularization and vascular remodeling through the modification, activation, and liberation of cytokines, angiogenic growth factors, and cell events (apoptosis, transmigration and proliferation), neovascularization and matrix protein metabolism. [58] [59] [60] Pharmacological inhibitions targeting GLP-1 receptor stimulation and DPP-4 activity exhibited a protective effect on the expressions and/or activities of proteolytic enzymes [e.g., cathepsin L (CatL), CatS, CatK, MMP-9, and MMP-9] and matrix protein metabolism (elastin and collagen) in the lesions of stressed animals fed a high-fat diet. 41, 42, 48 These therapies also suppressed the levels of plaque peroxisome proliferator-activated receptor-α (PPAR-α) and angiotensin II type 1 receptor (AT1R) proteins. 48 Both receptor systems with their ligands have been exhibited to regulate CatS/K and MMP-2/-9 expressions via the enhancement of the productions of oxidative stress and inflammatory cytokines in both of vivo and in vitro. 59, 61 In vitro, exenatide suppressed tumor-necrosis factor-alpha (TNF-α) expression in cultured macrophages. These findings thus suggest that atherosclerotic lesion development with neovascularization and instability may be attributable to the increase of MMP-2/-9-and CatL/S/K-mediated proteolysis induced by the stimulation of PPAR-α-and AT1R-singling pathways-related oxidative stress production and inflammation in animals under chronic stress conditions ( Fig. 1 ).
Previous clinical and basic researches reported that GLP-1 and DPP-4 activity
involved in lipid metabolism has been indicated. 42, 43, 48 Biological analyses demonstrated that anagliptin reduced blood non-esterified fatty acid and triglyceride in stressed animals, 48 and similar results were found in stressed animals treated by exenatide. 42 Exenatide dramatically reduced the foam cell formation of peripheral blood monocyte-derived macrophages. 42 Clinical observations have provided a limited beneficial effect of DPP-4 inhibition on plasma apolipoprotein B-48 and triglyceride levels; for a review see. 43 Therefore, the improvements of free fatty acid and triglyceride metabolism may also contribute to the incretin-based glucose-lowing drug-related vascular benefits in mice under stress ( Fig. 1 ). However, it should be figured out that these treatments had no an inhibitor effects on the plasma levels of 'good' and 'bad' cholesterols (i.e., high-and low-density lipoprotein cholesterols) in animals under our experimental stress conditions. 46, 52 Further clinical researches are needed to study this issue.
Recently, it was reported that increased circulating DPP-4 and decreased circulating APN and GLP-1 might be as new useful biomarkers to predict the presence of stress in animals. 26, 40 The observations suggest that among these biological parameters, blood DPP-4 levels were more sensitive to chronic stress, and that the noninvasive evaluation of those alterations would be useful for the assessment of brain injury in animals that have been subjected to chronic stress. 26 However, it should be noted that the use of DPP4 inhibitors in individuals with DM (unknown with or without psychological stressors) is not fully supported until its beneficial effects can be revealed in large-scale long-term clinical trials (e.g., a saxagliptin trial: cardiovascular events, especially the rate of hospitalization for heart failure). 34 Further research (including sub-analyses) is necessary to stdied the clinical uses of DPP4 inhibitors.
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